Pineapple Peel-Derived Hard Carbon Microspheres for Sodium-lon Batteries

Sustainable blomass-to-battery anode design for high-performance sodlum storage

€ STRUCTURAL AND TEXTURAL FEATURES

@

@ €@ BACKGROUND & INNOVATION

¢ Sodium-ion batteries are promising, sustainable
alternatives to lithium-ion batteries for large-scale
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applications.

¢ Hard carbon is a promising anode material for
sodium-ion batteries due to its low cost,
renewability, and structural versatility.

& Abundant and low-cost sodium.
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@ Environmentally friendly.
@ \deal for grid storage and large-scale applications.
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0 ¢ ELECTROCHEMICAL PERFORMANCE

Pineapple Hydrothermal Hard carbon

Pyrolysis

treatment

peel microspheres

Rate Capability

a Rational design of biomass-derived hard carbon.
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Q Offers high capacity and stability. Raman Spectra — HTC-PP-600
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| 2 Disordered @ Nanopores for

g \//\/\ domains Na* storage

M @ XRD and Raman confirm disordered hard carbon with moderate graphitization and defect-rich structure.
500 1000 1500 2000 2500 3000 @ SEM reveals well-defined hard carbon microspheres.
Raman Shift (cm™) @ Textural features support Na* storage by combining interlayer storage and pore-based storage.

Long-Term Cycling Performance

Q Characterization: XRD, Raman, SEM, BET.
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Performance and mechanism: coin cell testing,
CV, GCD, and cycling stability.

100

Discharge Specific Capacity (mAh/g)

il

7]
<
1

.....

Key
Results

10 20 30 40
Cycle Number

« d

High capacity up to

360 mAh g™
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Voltage (V vs. Na'/Na)

Excellent rate capability:

117 mAh g™’
at10Ag™

Specific Capacity (mAh/g)

C

Long cycle life:
Capacity retention is

89% after 300 cycles

Cycle Numbers
v“ High Coulombic efficiency:
more than 80%
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@ e SODIUM STORAGE MECHANISM

Intercalation
(interlayer storage)

Pore filling

Dual-storage mechanisms -~~~

(pore-based storage)

Q WHAT MAKES HARD CARBON EFFECTIVE”

Optimized micro/mesopore structure that is
efficient for Na* storage.

Moderate graphitization with many defects
and active sites.

High first-cycle Coulombic efficiency.

Excellent structural stability during repeated
charge-discharge cycles.

© mPACT

Utilization of agricultural waste.

Converts waste into high-value
energy materials.

Low-cost, scalable, and
sustainable solution.

Advances next-generation
affordable sodium-ion batteries.

CV, GCD, rate capability, and long-term cycling confirm strong sodium-storage performance and stability.

© OUTLOOK / FUTURE WORK

This work advances the fundamental understanding of sodium storage in
hard carbon and provides a sustainable pathway for developing high-
performance anodes for next-generation sodium-ion batteries.

® Heteroatom doping for enhancement of active sites.

® Hierarchical pore engineering for better ion transport.
® Full-cell evaluation with suitable cathode materials.

® Scale-up and pilot studies for practical applications.
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